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57 ABSTRACT

A pump casing has two external communication holes
communicating with an outside. A partition member parti-
tioning an interior of the pump casing into a first space and
a second space. The first space communicates with the two
external communication holes. The partition member have
two internal communication holes communicating the first
space with the second space. A first rotor member is rotat-
ably accommodated in the first space. A second rotor mem-
ber is rotatably accommodated in the second space. A torque
switching unit is configured to switch between transmission
of a running torque selectively to the first rotor member and
transmission of the running torque to both the first rotor
member and the second rotor member.

2 Claims, 5 Drawing Sheets
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FIG. 3

45
40
TN
433—L/, /QL/’.%fﬁB'

N
SN 7RIDN

F16— Y ~ L F15

phi AN o436

AN NN 12
Fa-<J \ N é—%*HS

TG N
® S

-
_)‘/i

e TS

463 463

[ 434 Ri2 4
49 434 R12 461

PRESSURE DETECTION PASSAGE ATMOSPHERIC PASSAGE



U.S. Patent Oct. 11, 2016 Sheet 4 of 5 US 9,464,600 B2

FIG. 4
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ROTATIONAL PUMP AND FUEL VAPOR
LEAKAGE DETECTION DEVICE HAVING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on reference Japanese Patent
Application No. 2013-261268 filed on Dec. 18, 2013, the
disclosure of which is incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a rotational pump. The
present disclosure further relates to a fuel vapor leakage
detection device having the rotational pump.

BACKGROUND

Conventionally, a known fuel vapor leakage detection
device is configured to detect leakage of fuel vapor from a
fuel tank and/or from a canister, which adsorbs fuel vapor
caused in the fuel tank. The fuel vapor leakage detection
device includes a pump, a connection pipe, a pressure
sensor, an air filter, and/or the like. The pump pressurizes or
depressurizes an interior of a fuel tank and/or a canister. The
connection pipe connects the fuel tank, the canister, and the
pump with each other. The pressure sensor detects pressure
in the fuel tank and/or the canister. The air filter captures
foreign matter contained in air drawn with the pump from
the atmosphere. For example, Patent Document 1 discloses
a fuel vapor leakage detection device including a pump,
which is connected with a canister through two connection
pipes.

(Patent Document 1)

Publication of unexamined Japanese patent application
No. 2007-32523

The fuel vapor leakage detection device disclosed in
Patent Document 1 depressurizes an interior of a fuel tank
and/or the canister by using one of the two connection pipes
and detects leakage of fuel vapor from the fuel tank and/or
the canister. Therefore, the one connection pipe is formed to
enable to flow vapor in a relatively small quantity under high
differential pressure. In addition, the other of the two con-
nection pipes is used to pressurize the interior of the canister
and to supply fuel vapor in the canister to an intake pipe,
which is connected to an internal combustion engine. There-
fore, the other connection pipe is formed to enable to flow
vapor in a relatively large quantity under low differential
pressure. In a case where a singular pump is employed to
move vapor to two connection pipes, which cause different
pressure losses, the performance of the pump may be
determined according to the specification of the connection
pipe, which causes greater pressure loss. Therefore, in a case
where the pump is used to the connection pipe, which causes
smaller pressure loss, the pump may not move vapor effi-
ciently even though the pump consumes a large power.

SUMMARY

It is an object of the present disclosure to produce a pump
configured to move vapor efficiently.

According to an aspect of the present disclosure, a rota-
tional pump comprises a pump casing having two external
communication holes communicating with an outside. The
rotational pump further comprises a partition member par-
titioning an interior of the pump casing into a first space and
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a second space, the first space communicating with the two
external communication holes, the partition member having
two internal communication holes communicating the first
space with the second space. The rotational pump further
comprises a first rotor member rotatably accommodated in
the first space. The rotational pump further comprises a
second rotor member rotatably accommodated in the second
space. The rotational pump further comprises a torque
switching unit configured to switch between transmission of
a running torque selectively to the first rotor member and
transmission of the running torque to both the first rotor
member and the second rotor member.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will become more apparent from the
following detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 is a diagram showing a vapor fuel processing
apparatus including a rotational pump according to a first
embodiment of the present disclosure;

FIG. 2 is a sectional view showing the rotational pump
according to the first embodiment of the present disclosure;

FIG. 3 is a sectional view showing an operation of the
rotational pump according to the first embodiment of the
present disclosure;

FIG. 4 is a sectional view showing a rotational pump
according to a second embodiment of the present disclosure;
and

FIG. 5 is a sectional view showing an operation of the
rotational pump according to the second embodiment of the
present disclosure.

DETAILED DESCRIPTION

As follows, embodiments of the present disclosure will be
described with reference to drawings.

First Embodiment

FIGS. 1 to 3 show a vapor fuel processing apparatus
equipped with a fuel vapor leakage detection device 7,
which employs a rotational pump according to the first
embodiment of the present disclosure. The vapor fuel pro-
cessing apparatus 1 shown in FIG. 1 includes a fuel tank 5,
a canister 6, the fuel vapor leakage detection device 7, an
ECU 8, and/or the like. In the vapor fuel processing appa-
ratus 1, the canister 6 recovers vapor fuel caused in the fuel
tank 5. The canister 6 purges recovered vapor fuel into an
intake passage 161. The intake passage 161 is formed with
an intake pipe 16, which is connected with an engine 10.

The fuel tank 5 stores fuel, which is to be supplied into the
engine 10. The fuel tank 5 is connected with the canister 6
through a first purge pipe 11. The first purge pipe 11 forms
a first purge passage 111, which communicates an interior of
the fuel tank 5 with the canister 6.

The canister 6 includes a canister adsorption material 601,
which recovers vapor fuel caused in the fuel tank 5. Vapor
fuel occurs in the fuel tank 5 and passes through the first
purge passage 111. The vapor fuel is absorbed into the
canister adsorption material 601 and thereby recovered. The
canister 6 is connected with the intake pipe 16 through a
second purge pipe 13. The second purge pipe 13 forms a
second purge passage 131. The second purge pipe 13 is
equipped with a purge valve 14. The purge valve 14 is, for
example, a solenoid valve. An opening of the purge valve 14
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is manipulated to control a quantity of vapor fuel, which is
supplied from the canister 6 to the intake passage 161 on the
downstream of a throttle valve 18.

The fuel vapor leakage detection device 7 is connected
with the canister 6 through a canister connecting pipe 21.
The canister connecting pipe 21 forms a canister connection
passage 211. The canister connecting pipe 21 may be
equivalent to a canister passage formation member. The fuel
vapor leakage detection device 7 is configured to detect
leakage of fuel vapor from the fuel tank 5, the canister 6, the
first purge pipe 11, and the second purge pipe 13. The fuel
vapor leakage detection device 7 is further configured to
pressurize an interior of the canister 6 when supplying vapor
fuel, which is recovered within the canister 6, to the intake
pipe 16. Details of an operation of the fuel vapor leakage
detection device 7 will be described later.

The fuel vapor leakage detection device 7 includes a
rotational pump 40, a switching valve 30, a pressure sensor
24, an air filter 23, multiple pipes, and/or the like. The
pressure sensor 24 may be equivalent to a pressure detection
unit. The pipes connect the components of the fuel vapor
leakage detection device 7.

The rotational pump 40 is connected with the switching
valve 30 through a pressure detection pipe 25. The pressure
detection pipe 25 is equipped with the pressure sensor 24.
The pressure detection pipe 25 may be equivalent to a
detection passage formation member. The rotational pump
40 is configured to depressurize an interior of the fuel tank
5 through the pressure detection pipe 25, the switching valve
30, the canister connecting pipe 21, the canister 6, and the
first purge pipe 11. In the present state, the pressure sensor
24, which is equipped in the pressure detection pipe 25,
detects pressure in a pressure detection passage 251, which
is formed in the pressure detection pipe 25. In this way, the
pressure sensor 24 detects pressure in the fuel tank 5. The
pressure sensor 24 may be equivalent to a pressure detection
unit. The rotational pump 40 is communicated with the
atmosphere through an atmospheric passage 281 and the air
filter 23. The rotational pump 40 pressurizes the interior of
the canister 6 through the pressure detection pipe 25, the
switching valve 30, and the canister connecting pipe 21. In
the present state, vapor fuel, which is adsorbed in the
canister adsorption material 601, is desorbed from the can-
ister adsorption material 601 and is supplied into the intake
passage 161. Details about configuration of the rotational
pump 40 will be described later.

The switching valve 30 communicates the canister con-
nection passage 211 with the atmospheric passage 281 or
communicates the canister connection passage 211 with the
pressure detection passage 251, according to electricity
supply from the ECU 8. Specifically, as shown in FIG. 1, the
switching valve 30 communicates the canister connection
passage 211 with the atmospheric passage 281, when an
electric current is not supplied to the switching valve 30.
Alternatively, the switching valve 30 communicates the
canister connection passage 211 with the pressure detection
passage 251, when an electric current is supplied to the
switching valve 30.

A bypass passage pipe 26 forms a switching valve bypass
passage 261. The switching valve bypass passage 261 com-
municates the canister connection passage 211 with the
pressure detection passage 251, regardless of electricity
supply to the switching valve 30. The bypass passage pipe
26 may be equivalent to a bypass passage formation mem-
ber. The switching valve bypass passage 261 is equipped
with a reference orifice 27. The reference orifice 27 may be
equivalent to a throttle portion. The inner diameter of the
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reference orifice 27 corresponds to a size of a hole, which
defines an upper limit of an allowable quantity of leakage of
vapor, which contains fuel vapor, from the fuel tank 5.

The air filter 23 is equipped to an atmospheric passage
pipe 28. The atmospheric passage pipe 28 may be equivalent
to an atmospheric passage formation member. Vapor in the
fuel tank 5 or vapor in the canister 6 is discharged through
the air filter 23 to the external atmosphere when vapor fuel
is adsorbed in the canister adsorption material 601 of the
canister 6, when the interior of the fuel tank 5 is depressur-
ized with the rotational pump 40, or when fuel is supplied
into the fuel tank 5. To the contrary, when vapor fuel, which
is absorbed in the canister 6, is supplied to the intake pipe
16, external air is drawn through the air filter 23 into the
rotational pump 40 or the switching valve 30. In the present
state, the air filter 23 captures foreign matter contained in the
drawn air. In FIG. 1, the arrow F0 represents a flow of vapor
and air between the fuel vapor leakage detection device 7
and the atmosphere.

The ECU 8 includes a microcomputer and/or the like.
Specifically, the ECU 8 includes a CPU, a RAM, a ROM,
and/or the like. The CPU may be equivalent to a computa-
tion unit. The RAM and/or the ROM may be equivalent to
a storage unit. The ECU 8 is electrically connected with
components of the fuel vapor leakage detection device 7.
Specifically, the ECU 8 is electrically connected with the
pressure sensor 24, which may be equivalent to the pressure
detection unit, the rotational pump 40, and a coil 301 of the
switching valve 30. The ECU 8 receives a signal according
to the pressure in the pressure detection passage 251, which
is detected with the pressure sensor 24. The ECU 8 sends a
signal to control a driving power of the rotational pump 40.
The ECU 8 controls electricity supplied to the switching
valve 30.

The configuration of the rotational pump 40 according to
the first embodiment may have a feature. Herein, the con-
figuration of the rotational pump 40 will be described in
detail with reference to FIGS. 2 and 3. FIGS. 2 and 3 show
a direction of a passage, which is communicated with the
interior of the rotational pump 40, when the rotational pump
40 is equipped to the fuel vapor leakage detection device 7.
Specifically, in the present example, the left side in the
drawing communicates with the pressure detection passage
251 and may correspond to a pressure detection passage
direction. In addition, in the present example, the right side
in the drawing communicates with the atmospheric passage
281 and may correspond to an atmospheric passage direc-
tion.

The rotational pump 40 is, for example, a volumetric
pump accommodating a rotor, which rotates to supply fluid
in a specific direction. According to the first embodiment,
the rotational pump 40 is, for example, a vane pump. The
rotational pump 40 includes a first tubular portion 41, a
second tubular portion 42, a first plate member 431, an
intermediate member 432, a second plate member 433, a
shaft 45, a first rotor member 46, a second rotor member 47,
a one-way clutch 48, an actuator 49, and/or the like. The
intermediate member 432 may be equivalent to a partition
member. The one-way clutch 48 may be equivalent to a
reverse input regulation clutch. The shaft 45, the one-way
clutch 48, and the actuator 49 may be equivalent to a torque
switching unit.

The first tubular portion 41 is a resin member substan-
tially in a tubular shape. The first tubular portion 41 has an
outer wall defining two external communication holes 411
and 412. Each of the external communication holes 411 and
412 communicates the interior of the first tubular portion 41
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with the exterior of the first tubular portion 41. The external
communication hole 411 communicates with the pressure
detection passage 251. The external communication hole
412 communicates with the atmospheric passage 281.

The second tubular portion 42 is a resin member substan-
tially in a tubular shape. The inner diameter of the second
tubular portion 42 is substantially the same as the inner
diameter of the first tubular portion 41.

The first plate member 431 is substantially in a plate
shape. The first plate member 431 is connected with an end
of the first tubular portion 41, which is on the opposite side
of the second tubular portion 42. An insertion hole 434 is
formed in the first plate member 431 at a position shifted
from the center of the first plate member 431. The shaft 45
is inserted in the insertion hole 434.

The second plate member 433 is substantially in a plate
shape. The second plate member 433 is connected with an
end of the second tubular portion 42, which is on the
opposite side of the first tubular portion 41. The second plate
member 433 forms a bearing 438 at a position shifted from
the center of the second plate member 433. The bearing 438
rotatably supports an end of the shaft 45.

The intermediate member 432 is substantially in a plate
shape. The intermediate member 432 is equipped between
the first tubular portion 41 and the second tubular portion 42.
The intermediate member 432 partitions off an interior of a
pump casing 400 into a first space 410 and a second space
420. The pump casing 400 includes the first tubular portion
41, the second tubular portion 42, the first plate member 431,
and the second plate member 433. The first space 410 is
formed with the first tubular portion 41, the first plate
member 431, and the intermediate member 432. The second
space 420 is formed with the second tubular portion 42, the
second plate member 433, and the intermediate member
432.

The intermediate member 432 has two internal commu-
nication holes 435 and 436 at positions across the center of
the intermediate member 432. The internal communication
holes 435 and 436 communicate the first space 410 with the
second space 420 independently. An insertion hole 437 is
formed in the intermediate member 432 at a position shifted
from the center of the intermediate member 432. The shaft
45 is inserted in the insertion hole 437.

As shown in FIG. 2, multiple fastening members 44 fasten
the first plate member 431, the first tubular portion 41, the
intermediate member 432, the second tubular portion 42,
and the second plate member 433 at radially outside posi-
tions.

The shaft 45 is substantially in a bar shape. The shaft 45
is inserted through the insertion hole 434 of the first plate
member 431 and is further inserted through the insertion
hole 437 of the intermediate member 432. One end of the
shaft 45 is connected to the actuator 49, which is located on
the outside of the first plate member 431. The other end of
the shaft 45 is rotatably supported with the bearing 438 of
the second plate member 433.

The first rotor member 46 is accommodated in the first
space 410. The first rotor member 46 includes a rotor 461,
multiple vanes 462, and/or the like. The shaft 45 is affixed
to the rotor 461. The shaft 45 is rotatable in accordance with
rotation of the shaft 45. The vanes 462 are accommodated in
multiple grooves 463 of the rotor 461 and is movable in a
radial direction. As the rotor 461 rotates, the vanes 462 rotate
in the same direction as the shaft 45, while sliding on the
inner wall of the first tubular portion 41 by application of a
centrifugal force.
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The second rotor member 47 is accommodated in the
second space 420. The second rotor member 47 includes a
rotor 471, multiple vanes 472, and/or the like.

The rotor 471 is connected with the shaft 45 through the
one-way clutch 48, which will be described later. The rotor
471 receives running torque of the shaft 45 transmitted via
the one-way clutch 48 and rotates in a clockwise direction
when viewed from the upper side in the drawing, when the
shaft 45 rotates in the clockwise direction. The clockwise
direction may be equivalent to one direction. To the contrary,
the one-way clutch 48 cuts off (regulates) transmission of
running torque of the shaft 45 thereby not to rotate the rotor
471 when the shaft 45 rotates in a counterclockwise direc-
tion when viewed from the upper side in the drawing. The
counterclockwise direction may be equivalent to the other
(an other) direction.

The vanes 472 are accommodated in multiple grooves 473
of'the rotor 471 and is movable in the radial direction. As the
rotor 471 rotates, the vanes 472 rotate in the same direction
as the shaft 45, while sliding on the inner wall of the second
tubular portion 42 by application of a centrifugal force.

The actuator 49 produces a driving force to rotate the shaft
45 in the clockwise direction or in the counterclockwise
direction according to an input from the ECU 8.

Subsequently, an operation of the fuel vapor leakage
detection device 7 according to the first embodiment will be
described. One operation of the fuel vapor leakage detection
device 7 is to cause the rotational pump 40 to depressurize
the interior of the fuel tank 5, the canister 6, and/or the like
and to detect leakage of fuel vapor from a component, such
as the fuel tank 5 and/or the canister 6. Details of the
operation will be described as follows.

When a predetermined time period elapses subsequent to
termination of the engine 10 of the vehicle, the ECU 8 is
activated by a soak timer (not shown). To begin with,
detection of the atmospheric pressure is implemented in
order to correct an error caused according to the altitude of
a place where the vehicle is parked. When electricity is not
supplied to the coil 301, the atmospheric passage 281 is
communicated with the canister connection passage 211
through the switching valve 30. In addition, the canister
connection passage 211 is communicated with the pressure
detection passage 251 through the switching valve bypass
passage 261. That is, the pressure detection passage 251 is
communicated with the atmosphere. In this way, the pres-
sure sensor 24, which is equipped to the pressure detection
pipe 25, is enabled to detect the atmospheric pressure. When
detection of the atmospheric pressure is completed, the ECU
8 calculates the altitude of the place, where the vehicle is
parked, from the detected pressure.

Subsequently, electricity is supplied to the rotational
pump 40. In the present state, as shown in FIG. 2, the
actuator 49 rotates the shaft 45 in the counterclockwise
direction represented by the arrow R11. When the shaft 45
rotates in the counterclockwise direction, the first rotor
member 46, which is accommodated in the first space 410,
also rotates in the counterclockwise direction. To the con-
trary, the one-way clutch 48 does not transmit running
torque of the shaft 45 to the second rotor member 47.
Therefore, the second rotor member 47, which is accom-
modated in the second space 420, does not rotate. In this
way, air is sent from the first space 410 in the atmospheric
passage direction. Therefore, as represented by the arrows
F11 and F12 in FIG. 2, vapor flows from the pressure
detection passage 251 toward the atmospheric passage 281
thereby to depressurize the pressure detection passage 251.
When the pressure detection passage 251 is depressurized,
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air flows into the pressure detection passage 251 after
passing through the atmospheric passage 281, the switching
valve 30, the canister connection passage 211, and the
switching valve bypass passage 261. Air flowing into the
pressure detection passage 251 is throttled with the reference
orifice 27. Therefore, pressure in the pressure detection
passage 251 becomes low. Pressure in the pressure detection
passage 251 decreases to a predetermined pressure corre-
sponding to the opening area of the reference orifice 27, and
subsequently, the pressure becomes substantially constant.
Pressure in the pressure detection passage 251 as detected is
stored as a reference pressure.

Subsequent to the detection of the reference pressure,
electricity is supplied to the coil 301 of the switching valve
30. In this way, the switching valve 30 is manipulated to
block the canister connection passage 211 from the atmo-
spheric passage 281 and to communicate the canister con-
nection passage 211 with the pressure detection passage 251.
When the canister connection passage 211 is communicated
with the pressure detection passage 251, the fuel tank 5 is
also communicated with the pressure detection passage 251.
Thus, pressure in the pressure detection passage 251
becomes the same as pressure in the fuel tank 5.

When the canister connection passage 211 is communi-
cated with the pressure detection passage 251, the rotational
pump 40, which rotates the shaft 45 in the direction shown
by the arrow R11, depressurizes the interior of the fuel tank
5.

In a case where continuation of rotation of the rotational
pump 40 decreases pressure in the pressure detection pas-
sage 251, i.e., pressure in the interior of the fuel tank 5 below
the reference pressure previously detected, it is determined
that a quantity of leakage of vapor, which includes fuel
vapor from the fuel tank 5, is below the allowable quantity.
Specifically, when the pressure inside the fuel tank 5
decreases below the reference pressure, air does not intrude
from the outside of the fuel tank 5 into the fuel tank 5, or a
quantity of air intruding into the fuel tank 5 is below a
quantity of air, which can pass through the reference orifice
27. Therefore, it is determined that an airtight property of the
fuel tank 5 is sufficiently secured.

To the contrary, when the pressure inside the fuel tank 5
does not decrease to the reference pressure, it is determined
that a quantity of leakage of vapor, which includes fuel
vapor from the fuel tank 5, is beyond the allowable quantity.
That is, when the pressure inside the fuel tank 5 does not
decrease to the reference pressure, it is conceivable that air
intrudes from the outside of the fuel tank 5 into the fuel tank
5, as the interior of the fuel tank 5 is depressurized. There-
fore, it is determined that an airtight property of the fuel tank
5 is not sufficiently secured.

When determination of the airtight property of the fuel
tank 5 is completed, electricity supply to the switching valve
30 is terminated. Subsequently, the reference pressure is
confirmed (detected) again, and electricity supply to the
rotational pump 40 is terminated. The ECU 8 detects that the
pressure in the pressure detection passage 251 recovers to
the atmospheric pressure. Subsequently, the ECU 8 termi-
nates operation of the pressure sensor 24. Thus, the ECU 8
terminates the fuel vapor leakage detection processing.

Another operation of the fuel vapor leakage detection
device 7 is to supply fuel vapor, which is absorbed in the
canister adsorption material 601 of the canister 6, to the
intake pipe 16. Details of the operation will be described as
follows.

When the vehicle is travels, electricity is supplied to the
coil 301 of the switching valve 30 and the rotational pump
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40. In this way, the switching valve 30 is manipulated to
block the canister connection passage 211 from the atmo-
spheric passage 281 and to communicate the canister con-
nection passage 211 with the pressure detection passage 251.
In addition, as shown by the arrow R12 in FIG. 3, the
actuator 49 of the rotational pump 40 rotates the shaft 45 in
the clockwise direction. When the shaft 45 rotates in the
clockwise direction, the first rotor member 46, which is
accommodated in the first space 410, also rotates in the
clockwise direction. Furthermore, the one-way clutch 48
transmits running torque in the clockwise direction to the
second rotor member 47. Therefore, the second rotor mem-
ber 47, which is accommodated in the second space 420,
rotates in the clockwise direction. When the second rotor
member 47 rotates, as shown by the arrow F15, fluid flows
from the first space 410 through the internal communication
hole 436 into the second space 420. As shown by the arrow
F16, the fluid further flows through the internal communi-
cation hole 435 into the first space 410. In this way, air in the
first space 410 and the second space 420 flows in the
pressure detection passage direction. Therefore, as repre-
sented by the arrows F13 and F14 in FIG. 3, air flows from
the atmospheric passage 281 toward the pressure detection
passage 251 thereby to pressurize the pressure detection
passage 251. Pressurization of the pressure detection pas-
sage 251 causes air to flow through the switching valve 30
and the canister connection passage 211 into the canister 6.
Inside the canister 6, vapor fuel, which is adsorbed in the
canister adsorption material 601, is entrained with air, which
is drawn with the rotational pump 40, to flow through the
second purge passage 131 into the intake pipe 16.

The rotational pump 40 according to the first embodiment
has the interior, which is partitioned off into the two spaces
including the first space 410 and the second space 420. The
first space 410 and the second space 420 accommodate the
first rotor member 46 and the second rotor member 47,
respectively. Each of the first rotor member 46 and the
second rotor member 47 includes the rotor and the multiple
vanes. When the shaft 45 rotates in the counterclockwise
direction, the first rotor member 46 is selectively rotated in
the counterclockwise direction, and the one-way clutch 48
restricts the second rotor member 47 from rotating. In this
way, the rotational pump 40 flows vapor in a relatively small
quantity from the interior, such as the fuel tank 5 to the
atmosphere. To the contrary, when the shaft 45 rotates in the
clockwise direction, both the first rotor member 46 and the
second rotor member 47 rotate in the clockwise direction. In
this way, the rotational pump 40 flows vapor in a relatively
large quantity from the atmosphere into the canister 6.

The rotational pump 40 according to the first embodiment
changes the volume of vapor movable per unit time, accord-
ing to the operation of the vapor fuel processing apparatus
1. Specifically, in the fuel vapor leakage detection process-
ing for components, such as the fuel tank 5 and the canister
6, vapor is moved under relatively great differential pres-
sure. Therefore, the first rotor member 46 is selectively
(only) rotated to move vapor in a relatively small volume. To
the contrary, when vapor fuel, which is absorbed in the
canister adsorption material 601, is supplied to the intake
pipe 16, vapor is moved under relatively small differential
pressure. Therefore, both the first rotor member 46 and the
second rotor member 47 are rotated to move vapor in a
relatively large volume. The present configuration enables to
change the volume of vapor, which moves per unit time,
according to the load applied to the rotational pump 40.
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Therefore, the present configuration enables to pressurize or
depressurize the interior of the fuel tank 5, the canister 6,
and/or the like efficiently.

Conventionally, in order to efficiently pressurize or
depressurize multiple pipes, which cause different pressure
losses respectively, multiple pumps, which are different in
performance, may be required according to the pressure
losses, respectively. Employment of multiple pumps may
cause increase in a manufacturing cost and may complicate
the configuration of the device. The rotational pump 40
according to the first embodiment has the two spaces com-
bined to accommodate the two rotor members, respectively.
The present configuration enables to supply vapor in a
suitable flow quantity to multiple pipes, which cause differ-
ent pressure losses, respectively. The present configuration
enables the singular pump to function as multiple pumps
thereby to enable to reduce a manufacturing cost. Further-
more, the present configuration may enable to simplify the
device.

Second Embodiment

Subsequently, a rotational pump according to the second
embodiment of the present disclosure will be described with
reference to FIGS. 4 and 5. In the second embodiment, the
shape of a shaft and the shape of a second rotor member are
different from those in the first embodiment.

As shown in FIG. 4, a rotational pump 50 according to the
second embodiment is employed in a vapor fuel processing
apparatus. The rotational pump 50 includes the first tubular
portion 41, the second tubular portion 42, the first plate
member 431, the intermediate member 432, the second plate
member 433, a shaft 55, the first rotor member 46, a second
rotor member 57, the actuator 59, and/or the like. The vapor
fuel processing apparatus employing the rotational pump 50
pressurizes and/or depressurizes the interior of the fuel tank
5, the canister 6, and/or the like, thereby to detect leakage of
fuel vapor from a component such as the fuel tank 5. The
shaft 55 and the actuator 59 may be equivalent to a torque
switching unit.

The shaft 55 includes a first shaft portion 551 and a
second shaft portion 552. The shaft 55 is inserted in the
insertion hole 434 of the first plate member 431 and the
insertion hole 437 of the intermediate member 432.

The first shaft portion 551 is in a bottomed tubular shape.
The first shaft portion 551 is connected with an actuator 59
at one end. The actuator 59 is equipped outside the first plate
member 431. The first shaft portion 551 has a recessed
portion 554 on the opposite side of the one end. The recessed
portion 554 has an opening 553. The first shaft portion 551
is fitted to the rotor 461 of the first rotor member 46. When
the first shaft portion 551 rotates in a rotational direction, the
rotor 461 rotates in the same direction as the rotational
direction of the first shaft portion 551.

The second shaft portion 552 is substantially in a column
shape. The outer diameter of the second shaft portion 552 is
smaller than the outer diameter of the first shaft portion 551.
The second shaft portion 552 is accommodated in the first
shaft portion 551. The second shaft portion 552 is movable
in the axial direction back and forth relative to the first shaft
portion 551.

The second rotor member 57 is accommodated in the
second space 420. The second rotor member 57 includes a
rotor 571, multiple vanes 572, and/or the like.

The rotor 571 has an insertion hole 574 substantially at the
center. The insertion hole 574 is configured to receive the
second shaft portion 552. When the second shaft portion 552
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is inserted into the insertion hole 574, the rotor 571 and the
second shaft portion 552 are fitted together. When the rotor
571 and the second shaft portion 552 are fitted together, the
rotor 571 rotates in the same direction as the rotational
direction of the second shaft portion 552. The vanes 572 are
accommodated in multiple grooves 573 of the rotor 571. The
vanes 572 are movable in the radial direction. As the rotor
571 rotates, the vanes 572 rotate in the same direction as the
rotational direction of the second shaft portion 552, while
sliding on the inner wall of the second tubular portion 42 by
application of centrifugal force.

The actuator 59 produces a driving force according to an
input from the ECU 8. Thus, the actuator 59 rotates the shaft
55 in the clockwise direction and/or in the counterclockwise
direction when viewed from the upper side in the drawing.
The actuator 59 is configured to change rotation speed of the
shaft 55.

The vapor fuel processing apparatus employs the rota-
tional pump 50. The rotational pump 50 depressurizes the
interior of the fuel tank 5, the canister 6, and/or the like,
thereby to detect leakage of fuel vapor from a component,
such as the fuel tank 5. In the configuration, the actuator 59
of' the rotational pump 50 rotates the shaft 55 in the direction
represented by the arrow R21 in FIG. 4 at a relatively low
speed. When the shaft 55 is rotated at a relatively low speed,
only the first shaft portion 551 is fitted to a rotor 561 of a first
rotor member 56. Therefore, only the first rotor member 56
is rotated. The present configuration enables to supply air
from the first space 410 in the atmospheric passage direc-
tion. Therefore, as shown by the arrows F21 and F22 in FIG.
4, vapor flows from the pressure detection passage 251
toward the atmospheric passage 281, thereby to depressurize
the pressure detection passage 251. Thus, the interior of the
fuel tank 5, the canister 6, and/or the like are depressurized
to enable detection of leakage of fuel vapor from a compo-
nent, such as the fuel tank 5, similarly to the first embodi-
ment.

The vapor fuel processing apparatus employs the rota-
tional pump 50. It is conceivable that the rotational pump 50
pressurizes the interior of the fuel tank 5, the canister 6,
and/or the like, thereby to detect leakage of fuel vapor from
a component, such as the fuel tank 5. In this case, the
actuator 59 of the rotational pump 50 rotates the shaft 55 at
a relatively low speed in a direction opposite from the
direction represented by the arrow R21 in FIG. 4. When the
shaft 55 is rotated at a relatively low speed, only the first
shaft portion 551 is fitted to the rotor 561 of the first rotor
member 56. Therefore, only the first rotor member 56 is
rotated. The present configuration enables to supply air from
the first space 410 in the fuel passage direction. Therefore,
vapor flows from the atmospheric passage 281 toward the
pressure detection passage 251, thereby to pressurize the
pressure detection passage 251. When the pressure detection
passage 251 is pressurized, vapor flows into the atmosphere
after passing through the switching valve bypass passage
261, the canister connection passage 211, the switching
valve 30, and the atmospheric passage 281. Air flowing into
the atmosphere is throttled with the reference orifice 27.
Therefore, pressure in the pressure detection passage 251
increases. Pressure in the pressure detection passage 251
increases to a predetermined pressure, which corresponds to
the opening area of the reference orifice 27. Subsequently,
pressure in the pressure detection passage 251 becomes
constant. The pressure in the pressure detection passage 251
as detected is stored as a reference pressure.

Subsequent to the detection of the reference pressure,
electricity is supplied to the coil 301 of the switching valve
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30. Thus, the fuel tank 5 is communicated with the pressure
detection passage 251, thereby to equalize pressure in the
pressure detection passage 251 to pressure in the fuel tank 5.
In a case where continuation of operation of the rotational
pump 50 increases pressure in the fuel tank 5 to be higher
than the reference pressure detected previously, it is deter-
mined that leakage of vapor, which includes fuel vapor from
the fuel tank 5, is below an allowable quantity. That is, it is
determined that an airtight property of the fuel tank 5 is
sufficiently secured. To the contrary, in a case where con-
tinuation of operation of the rotational pump 50 does not
increase pressure in the fuel tank 5 to the reference pressure,
it is determined that leakage of vapor, which includes fuel
vapor from the fuel tank 5, is beyond the allowable quantity.
That is, it is determined that the airtight property of the fuel
tank 5 is not sufficiently secured.

Alternatively, when pressurizing the interior of the can-
ister 6 to supply fuel vapor, which is adsorbed in the canister
adsorption material 601, to the intake pipe 16, the actuator
59 of the rotational pump 50 rotates the shaft 55 at a
relatively high speed in the direction shown by the arrow
R22 in FIG. 5. When the shaft 55 rotates at a relatively high
speed, the second shaft portion 552 moves in a direction
opposite from the actuator 59. Thus, the second shaft portion
552 is fitted to the rotor 571 of the second rotor member 57.
The present configuration enables to rotate both the first
rotor member 46 and the second rotor member 57. When the
second rotor member 57 rotates, as shown by the arrow F25,
fluid in the first space 410 flows through the internal
communication hole 436 into the second space 420. As
shown by the arrow F26, the fluid further flows through the
internal communication hole 435 into the first space 410. In
this way, air in the first space 410 and the second space 420
flows in the pressure detection passage direction. Therefore,
as shown by the arrows F23 and F24 in FIG. 5, vapor flows
from the atmospheric passage 281 toward the pressure
detection passage 251, thereby to pressurize the pressure
detection passage 251.

The rotational pump 50 according to the second embodi-
ment switches the rotor member, to which the shaft 55 is
fitted, according to the rotation speed of the shaft 55 rotated
with the actuator 59. The present configuration enables to
change the volume of vapor, which moves per unit time,
according to the load applied to the rotational pump 50.
Therefore, the rotational pump 50 according to the second
embodiment produces an effect similarly to the first embodi-
ment.

Other Embodiment

(a) In the above embodiments, the rotational pump is
employed in the fuel vapor leakage detection device for the
vapor fuel processing apparatus. It is noted that, the appli-
cation of the rotational pump is not limited to that in the
above embodiments. The rotational pump may be employed
in a device to pressurize and/or depressurize a pipe causing
different pressure losses.

(b) In the above embodiments, the rotational pump is
employed to move vapor. It is noted that, the rotational pump
may be employed to move liquid.

(c) According to the first embodiment, the one-way clutch
is equipped as the torque switching unit. According to the
second embodiment, the shaft configured to extend and
contract according to the rotation speed is equipped as the
torque switching unit. It is noted that, the torque switching
unit is not limited to those in the above embodiments.
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The rotational pump according to the present disclosure
includes the pump casing, the partition member, the first
rotor member, the second rotor member, and the torque
switching unit. The partition member partitions the interior
of the pump casing into the first space and the second space.
The interior of the pump casing has the two external
communication holes communicating with the outside. The
first space communicates with the two external communi-
cation holes. The partition member has the two internal
communication holes communicating the first space with the
second space. The first rotor member is rotatably accom-
modated in the first space. The second rotor member is
rotatably accommodated in the second space. The torque
switching unit is configured to switch between transmission
of the running torque selectively (only) to the first rotor
member and transmission of the running torque to both the
first rotor member and the second rotor member.

The rotational pump according to the present disclosure
has the first space and the second space in the pump casing.
The first space and the second space communicate with each
other through the internal communication holes. The first
space and the second space accommodate the first rotor
member and the second rotor member, respectively. When
the torque switching unit transmits the running torque selec-
tively (only) to the first rotor member, the first rotor member
rotates to move fluid in the first space to pass through the two
external communication holes. When the torque switching
unit transmits the running torque to both the first rotor
member and the second rotor member, the first rotor member
rotates in the first space, and the second rotor member
rotates in the second space. When the first rotor member
rotates, fluid in the first space moves to pass through the two
external communication holes. When the second rotor mem-
ber rotates, fluid in the second space moves to flow into the
first space and to flow out of the first space while passing
through the two internal communication holes. The present
configuration enables to cause the torque switching unit to
switch transmission of torque thereby to enable the rota-
tional pump as a singular device to select the configuration
to supply fluid in a relatively small flow quantity and the
configuration to supply fluid in a relatively large flow
quantity. Thus, the present configuration may enable to
move fluid efficiently with a reasonable power consumption.

It should be appreciated that while the processes of the
embodiments of the present disclosure have been described
herein as including a specific sequence of steps, further
alternative embodiments including various other sequences
of'these steps and/or additional steps not disclosed herein are
intended to be within the steps of the present disclosure.

While the present disclosure has been described with
reference to preferred embodiments thereof, it is to be
understood that the disclosure is not limited to the preferred
embodiments and constructions. The present disclosure is
intended to cover various modification and equivalent
arrangements. In addition, while the various combinations
and configurations, which are preferred, other combinations
and configurations, including more, less or only a single
element, are also within the spirit and scope of the present
disclosure.

What is claimed is:

1. A rotational pump comprising:

a pump casing having two external communication holes
communicating with an outside;

a partition member partitioning an interior of the pump
casing into a first space and a second space, the first
space communicating with the two external communi-
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cation holes, the partition member having two internal
communication holes communicating the first space
with the second space;

a first rotor member rotatably accommodated in the first

space;

a second rotor member rotatably accommodated in the

second space; and

a torque switching unit configured to switch between

transmission of a running torque selectively to the first
rotor member and transmission of the running torque to
both the first rotor member and the second rotor mem-
ber, wherein

the torque switching unit includes:

a shaft inserted in the first rotor member and configured

to be fitted to the second rotor member; and

an actuator configured to rotate the shaft such that the

shaft is fitted selectively to the first rotor member or the
shaft is fitted to both the first rotor member and the
second rotor member, and

the shaft includes:

a first shaft portion fitted to the first rotor member; and

a second shaft portion slidably accommodated in the
first shaft portion and is not fitted to the second rotor
member when a rotation speed of the shaft is lower
than a predetermined value, wherein

the second shaft portion slides relative to the first shaft
portion along an axis of the shaft and is projected
from the first shaft portion to be fitted to the second
rotor member, when a rotation speed of the shaft is
higher than the predetermined value.

2. A fuel vapor leakage detection device configured to
detect leakage of fuel vapor from at least one of a fuel tank
and a canister, the canister configured to adsorb fuel vapor
in the fuel tank, the fuel vapor leakage detection device
comprising:
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a canister passage formation member configured to form
a canister connection passage communicating with the
canister;

an atmospheric passage formation member forming an
atmospheric passage communicating with an atmo-
sphere;

a detection passage formation member forming a pressure
detection passage configured to communicate with the
canister connection passage;

a switching valve configured to switch selectively
between communication of the canister connection
passage with the pressure detection passage and com-
munication of the canister connection passage with the
atmospheric passage;

the rotational pump according to claim 1, the rotational
pump configured to pressurize and depressurize at least
one of an interior of the fuel tank and an interior of the
canister when the switching valve communicates the
canister connection passage with the pressure detection
passage and configured to pressurize the interior of the
canister when supplying fuel vapor in the canister to the
intake passage, which is connected with an internal
combustion engine;

a bypass passage formation member forming a switching
valve bypass passage, the switching valve bypass pas-
sage bypassing the switching valve and communicating
the canister connection passage with the pressure detec-
tion passage;

a throttle portion equipped to the bypass passage forma-
tion member; and

a pressure detection unit configured to detect a pressure in
the pressure detection passage and configured to send a
signal according to the pressure in the pressure detec-
tion passage as detected.
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